5  L  E  A  ft  Mi  G  fl  0  U  $  E 
|  FOil  FEDifiSA L  3C U5NTIWO  AW* 
!  TEOFSJCAl.  ^FORMATION 


o 


WAVM  AMMiGOTOti  ©HI?®! 

crani,  qtoqakia 


ikoi  •*'i 


Effigpn  nfpjn' 

JAN  9  1967 
<—  J  Elk. 


U.  s.  NAVAL  AMMUNITION  DEPOT 
Crane,  Indiana 


RDTR  No.  51 
23  October  1966 


BINDING  PROPERTIES  AND  OTHER  CHARACTERISTICS 
OF  SEVERAL  POLYESTER  RESIN  BINDERS 
USED  VN  PYROTECHNIC  FORMULATIONS 


PREPARED  BY 

DAVEYi^AS ,  Chemical^  Engineer  ’  ~ 

REVIEWED  BY _ '  £.  d  %  ✓ 

JOHN  E.  V/ILDRIDGE,  Manager*  Surface  and  Air 
/, — Devices  Branch 

reviewed  BY  >>  /  ^  '-r  r’fi  _  / 

P.  P.  CORNWELL,  Manager,  ProHuctT  Development” 
-7  \  A  Division 


RELEASED  BY 


-*■ - -’-'y  V  UfcSfcRM _ 

S.  M.  FASIG,  Director,  BSD  Department 


ROTR  No.  Si 

ABSTRACT 

The  binding  strengths  of  pellets  subjected  to  tensile 
and  shear  stresses  and  the  burning  time  and  candlepower  of 
flares  pressed  from  compound  aged  0-6  hours  in  increments  of 
one  hour  prior  to  pressing  were  determined  after  curing  periods 
of  5  and  30  days.  Three  formulations  were  used,  each  contain¬ 
ing  the  same  ratio  of  magnesium/sodium  nitrate/binder*  but, 
with  three  different  polyester  resin  binders — Laminao  4110, 
Laminae  4116,  and  Aropcl  7720M. 

The  variation  in  physioal  strength,  cendlepower,  and 
burning  time  with  respect  to  delay  time  between  mixing  and 
pressing  was  found  to  be  greatest  for  pollets  and  candles 
containing  Laminae  4110,  Likewise,  the  physical  strength 
of  pellets  containing  Laminae  4110  was  significantly  higher 
than  the  other  pellets  after  curing  5  days;  however,  tests 
after  30  days  indicated  that  by  this  time  the  Laminae  4116 
had  essentially  fully  cured,  and  now  had  binding  properties 
similar  to  Laminae  4110.  The  physical  strength  of  pellets 
cured  at  75  -  85°P  with  Aropol  7720M  was  considerably  less 
than  pellets  containing  the  other  binders. 

All  units  cured  for  16  hours  at  150°F,  and  then  tested 
after  5  days  exhibited  considerably  higher  strengths  than 
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pellets  not  -subjected  to  an  elevated  temperature.  However* 
tests  after  30  days  showed  that  for  the  Laminae  binders, 
greater  binding  strength  is  obtained  by  curing  at  room  temp¬ 
erature  for  the  duration  of  the  curing  cycle. 
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I.  OBJECTIVE 

The  purpose  of  this  study  was  to  determine  the  binding 
properties  of  several  polyester  resins  used  in  pyrotechnic 
compositions  as  a  function  of  the  polymerization  time  before 
and  after  pressing.  Additionally,  the  variation  in  candle- 
power  and  burning  time  of  the  formulation  under  consideration 
was  to  be  investigated. 

II.  EXPERIMENTAL  METHOD 

Composition  Formulation 

A  pyrotechnic  formulation  containing  61.4 £  magnesium 
(granulation  18),  ZZ.8%  sodium  nitrate  (Cless  2),  and  4.8^ 
binder  was  selected  as  the  composition  to  bo  investigated. 
Three  different  polyester  binders  were  utilized — Lamineo  4110 
and  4116  (American  Cyanamid  Co.,  Wallingford,  Conn.),  and 
Aropol  7720M  (Archer-Daniels  Midland  Co.,  Minneapolis,  Minn.). 
After  mixing,  the  compound  was  stored  in  a  closed  container 
until  pressed . 

Pressing  and  Curing  Prooeaure 

Pellets  one  inoh  in  diameter  and  two  inches  long  were 
pressed  immediately  after  mixing,  and  in  increments  of  one 
hour  after  mixing  up  to  a  maximum  of  six  hours.  Each  pellet 
contained  two  increments  of  22  grams  each,  pressed  at  a  dead 
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load  of  8,000  pounds.  Twenty- four  pellets  were  pressed 
iamediately  aftsr  mixing,  and  12  during  eaoh  time  interval 
thereafter.  The  diameter,  length,  and  weight  of  each  pellet 
was  recorded  immediately  after  pressing,  and  in  some  cases 
after  five  and  30  days  curing.  All  pellets  were  cured  in  a 
sealed  can  at  75  ~  85°P,  except  for  12  pellets  pressed  immedi¬ 
ately  after  mixing  which  were  oured  for  approximately  16 
hours  at  150°F.  The  pellets  were  tested  five  and  30  days 
after  pressing. 

Three  flares  wore  pressed  immediately  after  mixing,  and 
during  eaoh  hour  thereafter,  up  to  six  hours  after  mixing. 

Each  flare  contained  three  200  gram  increments,  pressed  at 
a  deadloed  of  22,000  pounds  into  a  fish  paper  tube  which  was 
1.96"  OD  end  1.75"  ID.  The  flares  were  cured  at  75  -  85°F, 
and  burned  after  30  days. 

Testing  Apparatus  and  Equipment 

The  testing  apparatus  and  equipment  used  in  the  determi¬ 
nation  of  the  shear  and  tensile  binding  properties  of  the 
various  resins  are  illustrated  on  the  following  page.  The 
testing  machine  used  to  perform  both  the  tensile  and  shear 
tests  is  shown  in  Illustration  A.  The  movable  jaws  wer8 
clamped  together  to  hold  the  cables  which  were  connected  to 
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the  test  fixtures,  and  th«<a  the  jaws  were  moved  vertically 
apart  to  supply  the  requ'red  force.  The  shear  and  tensile 
test  fixtures  are  shown  in  Illustrations  B  and  C  respectively. 
For  the  shear  test,  the  pellet  was  placed  in  the  test  fixture 
and  then  the  assembly  was  mounted  in  the  test  machine.  In 
the  tensile  test,  e  pellet  with  an  end  plate  attached  to  eaoh 
end  was  held  in  the  fixture  by  the  removable  pin,  and  then 
the  assembly  was  placed  in  the  testing  machine. 

Orbond  121  -*as  used  to  bond  the  end  plates  required  for 
the  tensile  test  to  the  pellets.  The  tensile  tost  data  for 
the  Laminae  4116  units  is  rether  incomplete  because  on 
inadequate  amount  of  adhesive  was  used  to  bond  the  end  plate 
to  The  pellet;  thus,  failure  occurred  at  the  plate-pellet 
interface  rather  than  at  the  increment. 

IV.  DISCUSSION 

Binders 

The  binders  selected  for  this  investigation  were  ones 
believed  to  be  suitable  for  use  in  pyrotechnio  flaro  compo¬ 
sitions,  and  which  would  essentially  fully  cure  at  temperatures 
between  75  -  B5°F  when  adequately  catalyzed.  Cobalt  Naph- 
thenate ,  which  promotes  room  temperature  cure  when  catalyzed 
by  methyl  ethyl  hetons  (Lupersol  DDM),  is  present  in  a 
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ILLUSTRATION  A 


Riehle  Testing  Machine 

!ifg.  by  American  Machine  4  Metals  Co. 

East  Moline,  Illinois 


ILLUSTRATION  B 


Shear  Testing  Fixture 


ILLUSTRATION  C 


Tensile  Testing  Jrxxxure 
with  end  plate 
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sufficient  eaount  in  Laainac  4110  to  effect  a  era pie te  cure 
at  roccn  temperature.  On  the  other  hand ,  Leainac  4116  con¬ 
tains  a  lesser  an crunt  of  Cobalt  Naphthenate ;  therefore,  this 
resin  will  not  euro  as  quickly  as  Laminae  4110,  and  in  saae 
cases  an  elevated  temperature  cay  be  required.  The  Aropol 
resin  does  not  contain  any  of  the  Cobalt  prraoter,  hence, 
the  prraoter  must  be  added  to  obtein  a  rora  temperature  cure. 

Company  literature  indicates  that  the  gel  tire  for  Laminae 
4110  and  4116  with  1.5%  Lapersol  Dial  catalyst,  is  approxi¬ 
mately  15  minutes  and  35  minutes  respectively,  ana  that 
Aropol  772&I  should  gel  in  about-  25  minutes  when  catalyzed 
by  0.5%  Cobalt  Nspthenate  end  i.O£  lupersol  £KX».  Although 
the  coaposition  was  stored  in  closed  containers  between  nix¬ 
ing  end  pressing,  it  would  be  suspected  that  tho  influence 
of  the  delay  tine  between  mixing  end  pressing  upon  the  physical 
properties  and  burning  characteristics  of  the  pressed  compo¬ 
sition  weald  be  most  noticeable  in  the  Laminae  4110  composi¬ 
tion.  The  literature  also  states  that  the  tensile  strength 
of  the  fully  cumod  Laminae  resins  is  approximately  9.000  PS  I, 
end  about  2,500  FSI  for  the  Aropol  binder. 

Tensile  Strength 

Graph  I  shows  a  binder — binder  comparison  between  the 
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tensile  strength  of  the  three  formulations  after  five  and  30 
days  ouring,  while  Graph  II  illustrates  the  difference  in 
tensile  strength  after  five  and  30  days  for  a  given  binder. 

As  stated  previously,  the  experimental  data  for  the  Laminae 
4116  units  is  incomplete  beoause  the  end  plate- pellet  bond 
proved  to  be  weaker,  in  many  cases,  than  the  increment-to- 
inorement  bond.  All  of  the  data  considered  was  for  failures 
which  occurred  at  the  increment- to- increment  junction.  Table  I 
gives  the  experimental  tensile  failure  loads  after  five  and  30 
days  for  the  various  mix-press  delay  times,  and  Table  II  con¬ 
tains  the  average  of  tho  above  figures  for  a  given  resin  and 
delay  time. 

Considering  the  accuracy  of  the  testing  equipment  used, 
and  the  variation  in  the  data  for  a  given  binder  and  delay 
time ,  the  delay  time  between  mixing  and  pressing  does  not 
appear  to  have  a  significant  effect  upon  tensile  strength. 

Tho  tensile  strength  of  the  Aropol  pellets  did  seem  to  exhibit 
s.oraev/hat  of  a  trend  toward  increasing  as  the  delay  time 
increased;  however,  the  magnitude  of  the  increase  can  hardly 
bo  judged  significant.  A  binder-binder  comparison  shows  that 
tho  Laminae  4110  pellets  sustained  a  40$  greater  tensile  force 
be! ore  failure  than  the  Laminao  4116  units,  and  80$  greater 
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than  the  Aropol  pellets. 

I 

n  the  other  hand ,  the  difference  in  tensile  strength 

after  five  and  30  days  ambient  cure  for  a  given  bin&er  was 

found  to  be  very  significant.  The  Laminae  4110  units  failed 

at  a  65$  greater  tensile  load  after  30  days  than  five  days, 

the  Laminae  4116  pellets  increased  100$  in  tensile’  strength, 

and  the  Aropol  pellets  exhibited  an  increase  of  50$.  Once 

again,  the  Laminae  4110  pellets  were  superior  to  the  other 

units,  since  their  tensile  strength  was  10$  and  80$  greater, 

* 

respectively,  than  the  Laminae  4116  and  Aropol  7720M  pellets. 
It  is  interesting  to  note  that  the  tensile  strength  of  the 
pellets  increased  substantially  between  the  five  ^nd  30  day 
period ,  and  that  eft^r  30  days  cure ,  the  Laminae  4110  and 
4116  pellets  exhibited  sesaowhat  ■? saps ^ab'xe  tensile  binding 
properties.  This  data  agrees  with  ire  ?Qir>pv ny  literature 
for  the  various  binders  e  which  indicated  that  Laminao  4116 
does  not  cure  as  quickly  as  4110,  and  that  when  fully  cured, 
the  tensile  strength  of  the  two  Laminae  resins  are  basically 
the  same,  and  considerably  greater  than  for, Aropol  7720M. 

Shear  Strength 

The  shear  strength  data  is  presented  in  Tables  III  and 
IV.  Graphs  III  and  IV  give  a  binder-binder  comparison  of 
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shear  strengths  after  five  and  30  day  curing  cycles,  respec¬ 
tively  and  Graph  V  shows  the  variation  in  the  shear  strength 
for  a  given  binder,  resulting  from  a  five  and  30  day  cure. 

Referring  to  Graph  V,  it  is  seen  that  as  the  time  from 
mixing  to  pressing  increases  from  0  to  6  hours,  the  shear 
strengths  of  the  Laminae  4110  units  increased  rather  consist¬ 
ently,  amounting  to  an  overall  increase  of  approximately  200fo. 
Such  a  trend  was  not  evident  after  the  30  day  oure  in  the 
Laminae  4110  units,  nor  did  it  exist  after  either  five  or  30 
days  for  the  other  binders. 

After  five  days  cure ,  the  pellets  containing  Laminae  4110 
failed  at  about  a  50^  greater  shear  load  than  the  other  two 
pellet  formulations.  However,  tests  after  30  days  revealed 
that  although  the  Laminae  4110  had  a  shear  strength  approxi¬ 
mately  200fo  greater  than  the  Aropol  units ,  they  new  failed 
at  a  25 %  lower  shear  load  than  the  Laminae  4116  pellets. 

This  data  substantiates  that  found  during  the  tensile  tests, 
in  that  although  the  physical  properties  of  Laminae  4116  are 
inferior  to  Laminae  4110  after  a  short  ambient  curing  cyole, 
as  the  curing  period  is  increased,  the  physical  properties 
of  the  Laminae  4116  are  enhanced  until  the  two  binders  have 
basically  the  same  properties.  The  per  oent  increase  in  the 
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days  indicated  that  binding  strengths  of  units  oured  solely 
at  75  -  85°P,  wer8  approximately  25^  greater  than  those  oured 
for  16  hours  at  150°F  and  the  remaining  time  at  75  -  85°F. 

Burning  Time  and  Candlopower  of  Flares 
There  was  found  to  be  a  significant  variation  in  oandle- 
power,  burning  time,  and  the  emitted  candlepower-seoonds  with 
respect  to  the  delay  time  between  mixing  and  pressing.  A 
similar  difference  also  existed  between  the  three  binders. 

For  the  flares  containing  Laminae  4110,  4116,  and  Arcpol  7720M, 
an  overall  decrease  of  5%,  and  3%  in  burning  time,  an 
increase  of  14^,  S/L,  and  3%  in  c-andlspower,  and  an  increase 
of  7%,  4%,  and  47^.  respectively  in  candlepower-seconds  were 
obtained  for  compound  pressed  between  0-6  hours  after  mix¬ 
ing.  This  experimental  data  may  be  found  in  Table  VII. 

Average  values  are  given  in  Table  VIII  and  plotted  on  Graph  VI. 
Generally  consistent  data  was  obtained  for  a  given  delay  time 
and  formulation. 

If  an  average  value  of  the  emitted  candlepower-seconds 
is  calculated ,  it  is  found  that  the  Arcpol  and  Laminae  4110 
units  are  approximately  equal,  while  the  Laminae  4116  flares 
emitted  about  13^  fewor  candlepower-seconds.  The  pressed 
length  of  flares  of  a  given  formulation  were  essentially  the 
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same;  therefore,  the  variation  in  burning  time  is  indicative 
of  the  variation  in  burning  rate  existing  for  the  various 
units. 

Pellet  Density 

No  significant  difference  existed  between  the  density  or 
weight  of  pellets  containing  a  given  binder  for  the  various 
delay  times,  nor  between  the  pellets  containing  ths  three 
binders.  Likewise,  no  significant  change  in  density  ooourred 
after  curing  for  five  and  30  days.  The  density  of  the  pellets 
was  approximately  1.700  gm/cc,  with  less  than  a  Z%  variation 
between  the  units  containing  the  three  resins. 

V.  SUMMARY 

Of  the  three  rosins  investigated,  the  optimum  binder  for 
use  at  room  temperature  curing  conditions  appears  to  be 
Laminae  4110,  when  it  is  considered  that  the  function  of  a 
binder  is  to  supply  physical  strength  to  the  pressed  compo¬ 
sition  while  at  the  same  time  impart  a  minimum  amount  of 
degradation  to  tho  performance  of  the  flar9.  The  burning 
performance  of  tho  Aropol  flares  compared  favorably  with  the 
Laminae  4110  units;  howover,  the  relatively  poor  physical 
strength  properties  of  the  Aropol  pellets  after  both  five 
and  30  days  curing,  make  this  resin  inferior  to  Laminae  4110. 
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A  comparison  between  the  two  Laminae  resins  indicates  that 
after  an  extended  curing  period,  the  two  oompare  favorably 
in  physical  strength;  however,  after  only  five  days  ambient 
cure ,  the  Laminae  4110  units  possessed  superior  strength 
properties.  Also,  the  number  of  cendlepower-seconds  emitted 
by  the  Laminae  4110  flares  was  about  12^  greater  than  for  the 
41.16  units. 

The  results  of  this  study  also  indicate  that  a  short 
elevated  temperature  cure  will  substantially  increase  the 
tensile  and  shear  strength  of  the  compositions  investigated, 
compared  to  a  short  ambient  cure.  However,  for  the  Laminae 
rosins,  it  appears  that  units  cured  30  days  ambiently  have 
significantly  higher  physical  strengths  than  units  subjeoted 
to  a  16  hour  150°F  cure  and  then  cured  ambiently  for  the 
remaining  29  days.  Theoretically,  the  Aropol  resin  should 
hove  cured  at  75  -  85°F;  however,  considering  the  physical 
strength  data  after  the  150°F  cure,  it  is  evident  that  this 
resin  did  not  cure  substantially  at  room  temperature. 

VI.  CONCLUSIONS 

1.  Laminae  4110  was  found  to  be  a  superior  binder  com¬ 
pared  to  Laminao  4116  and  Aropol  7720M,  considering  both 
physical  strength  and  burning  performance  of  pellets  and 
flares,  respectively. 
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2.  Aropol  7720M  exhibited  poor  binding  properties  when 
cured  at  room  temperature  but  compared  favorably  with  the 
Laminae  resins  when  cured  at  150°F  for  16  hours. 

3.  Of  the  three  resins  investigated,  Laminae  4110  will 
impart  superior  tensile  and  shear  strength  to  the  pressed 
composition  after  several  days  ambient  cure;  however,  after 
approximately  30  days  the  two  Laminae  resins  possess  essentially 
the  seme  physical  strengths. 

4.  Flares  containing  the  Aropol  7720U  and  Laminae  4110 
resins  emitted  a  significantly  greater  number  of  candlepower- 
seconas  than  the  units  containing  Laminae  4116. 

5.  The  burning  time  and  candlepower  of  flares  decreased 
and  increased  respectively,  a  significant  amount,  as  the  delay 
time  between  mixing  and  pressing  increased. 
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TABLE  V 

EXPERIMENTAL  DATA  -  PELLETS  CURED  AT  150°F 


Binder 

5  Day 

30  Day 

Tensile 

Shear 

Tensile 

Shear 

Laminae  4110 

215  lbs. 
250  " 

1308  lbs. 
1425  " 

1500  " 

210  lbs. 
180  ” 

1230  lbs. 
1275  " 

1180  " 

Laminae  4116 

234  lbs. 
184  " 

1375  lbs. 
1215  " 

1460  " 

260  lbs. 

1455  lbs. 
1395  " 

1475  " 

Aropol  7720M 

360  lbs. 
427  " 

412  " 

1690  lbs. 
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